The overwhelming majority of cultivars belong to two clusters of similar extent. In one of them the ancestors from Western Europe can be found, while in the second cluster ancestors from Eastern Europe dominate, mainly through cvs. Mironovskaya 808 and Bezostaya 1. An index of similarity of modern cultivars grown in the Czech Republic is approximately equal to the average between half-and quarter-sibs. Consequently, it can be concluded that the genetic diversity in winter wheat cultivars presently grown in the Czech Republic has increased in the last decades and is considered as acceptable.
An analysis of trends and ongoing changes of the genetic diversity among registered cultivars can be a useful tool to get information about the genetic base of the cultivars grown and to possibly change the direction of breeding programs and strategies (D������ & S��� 1998; M�������� et al. 1998) . Consequently, such knowledge can also contribute to a purposeful and pointed study and utilisation of germplasm.
Using a genealogical approach, coefficients of parentage for all pair-wise combinations of cultivars, structure of genetic profiles, average contributions of major ancestors and frequency of their presence in pedigrees can be used as indicators of genetic diversity.
The objective of this work was the study of changes in genetic diversity in cultivars of winter wheat, Triticum aestivum L., grown in the former Czechoslovakia and the present Czech Republic during most of the last century, to provide analyses of trends and indicate important changes during this period.
MATERIALS AND METHODS
Pedigrees of 316 winter wheat cultivars registered in the former Czechoslovakia and the present Czech Republic from 1919 until 2001 were studied. The pedigree analysis used the Information and Analytical System of Genetic Resources of Wheat GRIS3.5 (M������� & D������������� 2000) . The dynamics of changes in diversity over time were estimated according to genetic profiles (M������� 1998) . A genetic profile is the set of original an-cestors included in a fully developed pedigree of a cultivar. Ancestral contributions into the genome of a cultivar are estimated by coefficients of parentage. The pedigrees of modern cultivars can contain hundreds or thousands of ancestors. However, the top of the pedigree usually consists only of several landraces (cultivated forms developed from original populations; frequently indicated as LV-…). These original ancestors are components of genetic profiles.
The diversity of the modern winter wheat cultivars listed in the Czech National List of Varieties 2000-2001 was studied by cluster analysis (algorithm UPGMA), and Renkonen similarity indexes were calculated from genetic profiles by the formula:
where: x ki , x kj -contributions of k-th ancestor to i-th and j-th cultivar, respectively min -minimal sum of the contributions of k-th ancestor is summarised for compared cultivars
The cluster analysis used the software package NTSYS 2.02c (R���� 1998) .
RESULTS AND DISCUSSION
It can be assumed that the original ancestors in a set of cultivars may characterise their genetic diversity. Trends in changes of diversity over time can be traced by means of the analysis of series of matrixes n × m, where n is the number of registered cultivars, and m the number of original ancestors in their genetic profiles.
To analyse the dynamics of changes of diversity over time, genetic profiles of all cultivars which were registered in the Czechoslovakia and the Czech Republic during the period 1919 to 2001 were constructed and 83 matrixes generated. This approach allowed to estimate changes in composition of original ancestors within the sets of cultivars registered in particular years. In the analysed period the pool of original ancestors of the Czechoslovak winter wheat cultivars contains 193 landraces and old varieties, including lines of unknown origin. Among them prevailed ancestors from European countries (148), including the Czechoslovakia (37), Germany (34), the former USSR (19), France (15), Hungary (14) and Sweden (10) . The number of ancestors from other continents is much lower: America (17), Asia (16) and Africa (11).
Judged by the dynamics of changes in the average number of original ancestors in pedigrees of released cultivars (Figure 1 ), four periods could be distinguished. Each of them is characterised by different rates of changes in the pool of ancestors of Czechoslovak and Czech wheat cultivars. A small number of original ancestors per pedigree is characteristic for the first period , during which the average number of ancestors per cultivar increased from 1.06 to 3.42. The Shannon diversity index changed within this period from 1.41 to 2.65.
In the following period (1960) (1961) (1962) (1963) (1964) (1965) (1966) (1967) (1968) (1969) (1970) (1971) (1972) (1973) (1974) (1975) (1976) (1977) (1978) The third period (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) is characterised by the highest rates of genetic diversity increase. The Shannon diversity index grew from 2.34 at the beginning of the period to 3.07 at its end. The average number of original ancestors per pedigree has increased from 13.94 to 31.13, and the pool of original ancestors has been enlarged by 56 new landraces. These changes are related to the reg- (Table 1) . Many of these materials could have carried a complex of valuable genes (e.g. for adaptation to specific local conditions). Therefore, this process should be considered as a genetic erosion of indigenous genetic diversity. Nevertheless, the total number of original ancestors during the last 40 years has increased five times.
The 56 Table 2) . The within-cluster similarity indexes considerably exceed the relevant indexes between clusters; therefore, it is possible to consider the revealed cluster structure as statistically proved. In the given set of cultivars the Renkonens' similarity indexes for full-, half-and quarter-sibs are approximately equal to 0.72, 0.36 and 0.18, respectively. Cluster A includes 22 (39.3%) cultivars incorporated at the level of similarity P = 0.38, that slightly 1923 -1930 , 1939 -1945 , 1956 -2001 Daruma JPN/KOR 31 1983 -2001 Dickkopf DEU 44 1940 -2001 Etawah IND 33 1983 -2001 Gehun IND 35 1960 -2001 Ghirka Spring RUS 65 1975 -2001 Hard Red Calcu�a IND 62 1919 -1920 , 1935 -2001 Ko�e SWE 31 1923 -1926 , 1933 -1949 , 1960 -2001 26 1960 -1972 , 1979 -2001 Ostka Galicyjska POL 89 1919 -1920 , 1935 -2001 Petkus DEU 23 1935 -1940 , 1972 -2001 Redchaff USA 44 1979 -2001 Red Straw GBR 49 1976 -2001 Rieti ITA 88 1966 -2001 Saumur de Mars FRA 30 1960 -1972 , 1982 *number of cultivars with a related ancestor in their pedigree; **period during which cultivars with a related ancestor in their pedigree were registered oped in Czechoslovakia or in the Czech Republic. The cluster B is rather close to cluster A because the average similarity index between cultivars in these clusters is estimated by P = 0.24, which approximately corresponds to an average between half-and quarter-sibs. This can be explained by the use of genetically rather similar breeding materials created in West European countries. Another small cluster (C) contains the three Dutch cvs Semper, Sepstra and Tower. All three are derivatives of cv. Obelisk, about whose origin is only known that it came from a composite cross of 36 cultivars. Once complete information on these cultivars becomes available it is possible that they would join one of the clusters described above. Four (7.1%) cultivars (Apache, Athlet, Elpa and Vlada) could not be included in clusters A, B and C. For the first three cultivars the information about pedigrees was incomplete, i.e. the origin of one of the parents of these cultivars is not known. The cultivar Vlada, like cultivars from cluster B, is a derivative of Mironovskaya 808 and Bezostaya 1 (via Kavkaz). However, there are no original ancestors of West-European cultivars in its pedigree and, therefore, cultivar Vlada does fit into cluster B.
The average similarity index for the cultivars of the Czech National List of Varieties 2000-2001 is equal to P = 0.279. This corresponds to an average between half-and quarter-sibs. Usually a similarity on the level of half-sibs can be considered as being critical. A higher similarity may result in dangerous consequences due to poorly diversified resistance to stresses. Hence, it can be concluded that the diversity of winter wheat cultivars grown now in the Czech Republic is at a safe level.
The study of dynamics of changes in genetic diversity over time showed that from 1930 to 1970 many Czechoslovak original ancestors disappeared from the pedigrees of cultivars, indicating that genetic erosion within the released genetic diversity had occurred during that period. However, some landraces of local origin are still present in pedigrees of modern cultivars. Examples are Branišovická III 55, Hodonínská jarní, Lučenec-Krajová, Postoloprty-Krajová, Vrbové-Krajová and LV-Moravia from Hodonínská. These landraces were well-known at the beginning of the last century and, together with other materials, they constituted a base for wheat breeding in the regions of their origin (B���� & D������� 1990 
